Maternal active and passive smoking and low or moderate alcohol drinking during pregnancy, taking into account the level of exposure and developmental or behavioral outcomes, are recognized as a significant issue from both a clinical and a public health perspective. The article aims at evaluating the impact of prenatal exposure to tobacco smoke constituents and low or moderate alcohol drinking during pregnancy on children neurodevelopment by reviewing the most recently published literature. Relevant studies were identified by searching the Pubmed, Medline and Ebsco literature databases. This review is restricted to 29 human studies published in English in peer reviewed journals since 2006. The studies published recently continued to show some relationship between tobacco smoke exposure, from active and passive maternal smoking during pregnancy, and children's psychomotor development independent of other variables, but this relationship is not straightforward. The association is mostly consistent for measures of academic achievements and behavioral problems which require further attention. The results of the studies on low or moderate exposure to alcohol are not fully conclusive, but some of them suggest that consumption of alcohol during pregnancy may adversely affect children's intelligence quotient (IQ), mental health, memory and verbal or visual performance. As the reviewed studies indicate, maternal lifestyle during pregnancy like alcohol drinking or smoking may affect children neurodevelopment. All effort should be taken to eliminate such exposure to ensure appropriate children's development.
INTRODUCTION
Nowadays special attention is focused on maternal active and passive smoking and low or moderate alcohol drinking during pregnancy and their impact on children's neurodevelopment. Child cognitive development and behavior is determined by genetic, environmental, and social factors interacting in complex ways. None of them is sufficient to explain population neurodevelopmental abnormalities. Except for single-gene disorders, heredity accounts for about 50% of the variance of cognitive, behavioral, and personality traits among individuals [1] . This, of course, implies that the other 50% of -referred to outcome: neurodevelopment, neurobehavior, psychomotor development, behavioral problems, cognitive development, IQ, mental health, school achievements and learning abilities. Relevant studies were also identified via review of references cited in all published studies. To be eligible for the review, each study must have used a measure of exposure to maternal active/passive smoking or low/moderate alcohol drinking during pregnancy period and at least 1 measure of neurocognitive function in the offspring. For this review, postnatal exposure to tobacco constituents and heavy or binge drinking by pregnant women was not considered for inclusion. Additionally, studies were excluded if the exposure to different types of toxicants were combined into a single variable, making it impossible to determinate the association between exposures of interests and child neurodevelopment. From each study, the following information was abstracted: year of publication, country in which the study was performed, study design and population, assessment of exposure (including biomarkers), child neurodevelopment (including a neurodevelopmental test used) and confounding factors. Finally, this review includes human studies published in English in peer reviewed journals since 2006. Fully adjusted analyses are presented where available. Taking into account the great heterogeneity between the studies, mostly in outcome assessment and statistical analyses, a metaanalysis, although considered, was not possible. In summary 29, out of total 83 articles identified, meet eligibility criteria and were included in the present review ( Figure 1 ).
Description of the state of knowledge
Exposure to active and passive smoking during pregnancy and children neurodevelopment Based on the data from epidemiological studies, we can assume that about 20-30% of women actively smoke during variability must be due to environmental and/or lifestyle influences. In general, the fetal development is regarded as the most vulnerable period of exposure to 2 modifiable lifestyle factors, such as tobacco and alcohol. Even a small increase in developmental risk associated with prenatal exposure to the above factors may be sufficient to move significant numbers of children into the developmentally delayed range of functioning, requiring early intervention services. As children grow, deficits in socio-emotional function and intellectual abilities become increasingly salient, particularly with regard to social judgment, interpersonal skills, antisocial behavior and academic achievements. Previously published literature review [2] indicated that maternal smoking, drinking and cannabis use during pregnancy may be associated with neurobehavioral and cognitive outcomes, although not all research supports this statement. The review mostly pointed the limitations in study design and analysis such as retrospective study design, exposure assessment based on questionnaire data and lack of adequate control over confounding factors. The aim of the present paper is to provide the review of the literature to assess the potentially harmful impact of fetal exposure to the risk factors such as tobacco and low and moderate alcohol intake on children cognitive development and behavioral problems and to identify directions for future research.
Criteria for inclusion of studies into the review
Epidemiological studies focused on the prenatal exposure to tobacco and alcohol and children neurodevelopment were identified by a search of the Pubmed, Medline and Ebsco literature databases. The combination of the following key words was used: -referred to the exposure: pregnancy, prenatal exposure, maternal smoking, environmental tobacco smoke exposure [ETS], alcohol;
IJOMEH 2015;28(3) 421 adjustment for birth weight [6] . No statistically significant association was found after adjustment for additional covariates (p > 0.05). The analysis by Julvez et al. (2007) suggests that maternal smoking during pregnancy lowered cognitive development in children at 4 years of age (represented by global cognitive score, verbal score, quantitative score, executive function score and working memory) [7] . Recently published analysis, based on the data from prospective Polish Mother and Child Cohort, with assessment of exposure based on biomarker measurements (3 times in pregnancy and in children at 1 and 2 years of age), indicated that cotinine level in saliva collected during pregnancy was significantly associated with decreased motor abilities at 24 months of age (p = 0.02) and not with cognitive and language achievements after controlling for variety of confounders including ETS exposure after birth [8] .
The larger amount of studies evaluating the impact of prenatal exposure to active maternal smoking on cognitive development, intelligence, and intellectual impairment focused on older children including preschool children and adolescents [9] [10] [11] [12] [13] [14] [15] . Although some of them indicated the association between such exposure and decreased IQ score or cognitive delay, there is the controversy whether possible confounders have been adequately pregnancy and about half of the non-smoking pregnant women are exposed to passive smoking [3] . It is also important to notice that almost half of the child population is involuntarily exposed to tobacco smoke at home [4] . The effect of maternal active smoking during pregnancy on neurodevelopment in young children (aged 4 or younger) has been inconsistent (Table 1) . This can be due to not sufficiently sensitive assessment tools for small children, difficulties in testing very young babies, or the fact that effects of pollutants may become apparent only with maturation of the brain over time. The results from population-based birth cohort (Generation R Study) indicated that children of mothers who continued smoking during pregnancy had higher risk of behavioral problems at 18 months compared to the children of mothers who never smoke with adjustment for age and gender (p < 0.05) [5] . That association was strongly confounded by parental characteristics. After additional adjustment for parental education, family income and parental psychiatric symptoms the results were not statistically significant (p > 0.1). ETS -environmental tobacco smoke; BMI -body mass index; IQ -intelligence quotient; SES -socioeconomic status; SD -standard deviation; HOME -quality of home environment. Developmental Inventory for Infants and Toddlers [21] . Similarly, a birth cohort study in Kraków showed an inverse association between mental development scores at 3 years of age and the number of cigarettes smoked daily by household members at home over the pregnancy period (p = 0.001) [22] . Another study also suggests that the children of non-smoking women exposed to secondhand smoke during pregnancy are at risk of developmental delay [23] . In summary, although many studies are focused on the association between active and passive maternal smoking during pregnancy and children's cognitive, intellectual abilities, memory and attention, their results are not fully consistent. However, taking into account that there is some evidence of a risk of such exposure to children's psychomotor development that may last into adulthood, the problem requires further attention.
There is a need to perform better designed studies with adequately assessed exposure level and controlled for potential confounding factors that may contribute to such outcomes, particularly genetic and environmental influences. Additionally, since differences have been reported depending on the timing and dose of exposure future studies addressing those issues may provide important information.
Exposure to low and moderate alcohol levels during pregnancy and children neurodevelopment Maternal alcohol use during pregnancy contributes to a range of effects in exposed children, including hyperactivity and attention problems, learning and memory deficits and problems with social and emotional development. The most serious consequence of maternal drinking during pregnancy is fetal alcohol syndrome (FAS) [24, 25] .
Although it seems clear that heavy alcohol consumption during pregnancy can result in FAS, the effects of drinking at low-to-moderate levels on children neurodevelopment are much less clear.
controlled for [9] [10] [11] 15] . Most of the studies pointed that child cognitive development is strongly influenced by parental IQ, socioeconomic status, home environment and sibling relationship. Some studies indicated that prenatal tobacco smoke exposure can be related to children's academic performance. The studies performed in Finland [16] , Sweden [17, 18] and Australia [14] have shown a significant association between prenatal exposure and academic performance. Data from Collaborative Prenatal Project indicated significant impact of maternal smoking during pregnancy on academic achievement at 7 years of age including reading, spelling, arithmetic abilities, but the results were confounded by sibling relationship [11] . [13, 19] . Mezzcappa et al. (2011) described that the children exposed to tobacco smoke throughout the pregnancy demonstrated average reaction times 40 ms slower on the Attention Networks Tests compared to these who were not exposed or whose mothers stopped smoking at the beginning of pregnancy [20] .
The relationship between maternal environmental tobacco smoke (ETS) exposure during pregnancy and children neurodevelopment was evaluated in 3 studies [21] [22] [23] . A Taiwanese cohort study reported a negative association between cotinine levels and 2-year child neurodevelopment assessed by developmental quotients of the whole test and cognitive, language, fine motor and social subtests of the Comprehensive and measures of self-control [33] . Skogerbøet al. (2012) did not observe significant effects of low and moderate alcohol consumption during pregnancy on executive functioning at 5 years of age among children from the Danish National Birth Cohort [31] . The next group of the studies is associated with the children IQ measures. In the study performed in United States (Atlanta, Georgia) significantly lower IQ was found for African-American children at 15 years of age prenatally exposed to alcohol [33] . Alati et al. (2008) assessed the IQ at 8 years of age among children from Avon Longitudinal Study of Parents and Children in England [34] . Prenatal alcohol exposure was associated with lower IQ scores only in univariate analyses. In fully adjusted models, there was no strong statistical evidence that maternal alcohol and tobacco consumption during pregnancy were associated with childhood IQ. Falgreen Eriksen and co-workers (2012) observed that maternal consumption of low to moderate quantities of alcohol during pregnancy was not associated with the mean IQ score of preschool children, compared with children of mothers who abstained [35] .
The Danish researchers performed also a combined analysis of the estimated effects of maternal average weekly alcohol consumption in early and mid-pregnancy on general intelligence, attention and executive function. Multivariate analysis showed no statistically significant effects of average weekly alcohol consumption, either individually or in combination on child's intelligence, attention and executive function [36] . These results replicate findings from separate analyses of alcohol consumption on child's intelligence, attention and executive function [31, 35] . In summary, more compelling and stronger evidence is needed to evaluate the effect of low-to-moderate levels drinking during pregnancy. The evidence needs to be strengthened and the quality of information about drinking pattern should be improved. As the acceptable, safe levels of alcohol use during pregnancy have not yet been Depending on the reviewed studies, the definition of low or moderate alcohol consumption was different. In most of the studies, the low alcohol drinking was defined as not more than 1-2 units of alcohol per week or less than 4 drinks per week and moderate drinking as not more than 3-6 units per week or 5 to 8 drinks per week.
In the prospective study performed among children from Avon Longitudinal Study of Parents and Children in England, the consumption of less than 1 drink per week during the 1st trimester was independently associated with mental health problems in girls at 47 months [26] (Table 2). In the study performed in United States (Pittsburgh, Pennsylvania) moderate alcohol exposure during the 1st and 2nd trimesters was related to the poorer composite score for African American children at age of 10. Significant relations were also found for the verbal, abstract/visual, and quantitative subscales [27] . Whereas Underbjerg et al. (2012) based on the Danish National Birth Cohort found no significant effects on test performance in children of mothers drinking up to 8 drinks per week [28] . Also O'Callaghan et al. (2007) did not find association between consumption of less than 1 glass/ day in early or late pregnancy and attention, learning or cognitive outcomes among 14 years old children [29] . The strongest estimates of effect were noticed among those consuming 1 or more glasses/day, but the results were not statistically significant. Also, in the prospective cohort study (UK Millennium Cohort Study), children born to mothers who drank up to 1-2 drinks per week during pregnancy were not at increased risk of clinically relevant behavioral difficulties or cognitive deficits at 5 years of age [30] . One study assesses the low and moderate alcohol consumption and executive functioning in children [31] . Executive functions are defined as higher-order psychological abilities involved in goal-oriented behavior under conscious control [32] . Executive functions comprise several cognitive processes, including planning, organisation, "+" -statistically significant association between the exposure to maternal smoking or drinking during pregnancy and child neurodevelopment; "-" -no statistically significant association between the exposure to maternal smoking or drinking during pregnancy and child neurodevelopment.
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The mechanism of exposure to tobacco and alcohol and children neurodevelopment The biological mechanism of exposure to active and passive smoking and alcohol consumption during pregnancy on brain development is well-described. In order to understand mechanisms by which maternal smoking during pregnancy may influence neurodevelopmental performance, it is necessary to consider the effects of exposure not only to nicotine but to large amounts of other toxic substances including carbon monoxide and components of tar that can directly affect development of the fetal brain and nervous system. Increased level of carboxyhemoglobin in the bloodstream and reduced uterine blood flow by nicotine results in the fetus being deprived of oxygen and nutrients. Nicotine acts as a stimulant to cholinergic neurons, affecting neuro-and synaptogenesis and apoptosis [37] . Prenatal tobacco smoke exposure has also been linked to changes in amino-acid transportation, protein synthesis and enzyme activity, which can have a lasting impact on the developing brain. Cigarettes also contain many other toxic chemicals, including lead that can affect a developing fetus. The teratogenicity of alcohol has been established [38] [39] [40] [41] . This literature shows the importance for outcome of the dose, timing and conditions of exposure, as well as individual sensitivity of both mother and offspring [40] . Ethanol enhances migration of nerve cells, which is hypothesized to be involved in behavioral difficulties in childhood. It also interferes with the production of neuroendocrine hormones, which may perturb brain growth [41] .
Exposure assessment
The studies evaluating the impact of prenatal tobacco smoke exposure on child neurodevelopment assessed the exposure based on questionnaire data which may not be reliable. Some of the studies collect the data prospectively (the birth cohort studies) where exposure level during pregnancy was assessed in each trimester or at least once established, avoiding alcohol use during pregnancy continues to be the advice for women.
SUMMARY OF THE STUDY RESULTS
The reviewed studies indicate that maternal lifestyle during pregnancy, like active and passive smoking and alcohol drinking may contribute to neurodevelopmental problems in the offspring.
The results of the studies analyzing the association between prenatal exposure to tobacco constituents and children's neurodevelopment are not consistent. Some of them indicated that such exposure is harmful to the developing nervous system and established a link between the analyzed exposure and the neurobehavioral abnormalities (or some of them) in both infants and children [7, 8, 14, 16, 19, [20] [21] [22] [23] , whereas other studies did not indicate the association after adjustment for covariates [5, 6, [9] [10] [11] [12] [13] 15, 17, 18] . The association was most consistent for poorer academic achievements and increased risk of behavioral pro blems in children [7, 14, 16, 19, 20] .
The results of the studies on low or moderate exposure to alcohol are inconsistent. In some of the studies maternal alcohol intake during pregnancy was associated with mental health problems [26] , and poorer composite score and verbal, abstract/visual and quantitative subscales [27] . On the other hand, no effect on attention, learning, cognitive problems [29] also no increased risk of clinically relevant behavioral difficulties or cognitive deficits [30] and executive functioning was found [31] . Additionally the results of the studies on the impact of low to moderate alcohol consumption on IQ are inconclusive. Lower IQ scores were observed in some [33] , but not all studies [34, 35] . When reviewing the epidemiological studies on the influence of exposure to environmental factors and neurodevelopment in children, it is important to take into account the current limitations of these studies resulting from inadequacies in exposure and outcome assessment, study design and analysis.
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Preschool and Primary Scale of Intelligence, Wechsler or Wide Range Achievement Test or subscales of these tests [6, 11, 13, 15, 19, [33] [34] [35] [36] . For the evaluation of child behavior the authors used The Child Behavior Checklist [5, 29] or Test of Everyday Attention for Children [28, 36] .
Confounding factors
The discussion to control the variables should be evidencebased on the findings reported in context of these relationships. The results of the most of presented studies were adjusted for well-known confounders. Those confounders are as follows: maternal and child demographic factors, such as maternal age, race, education, marital status, annual household income and child's gender. Additionally, highly-stimulating home environment may help to counteract negative effects of prenatal tobacco smoke or alcohol exposure, but this was considered only in some of the reviewed studies. In evaluating the impact of active maternal smoking on child neurodevelopment the maternal ETS exposure and the child postnatal ETS exposure is recommended to be included as confounding factors. Other factors that can have an impact on child neurodevelopment are: gestational age, child birth weight and child head circumference. Nearly all studies included in current review accounted for some of the variables stated above, but the concern is generally not that such factors are unmeasured, but that they are not measured well, which is the crucial point for stress, home environment and social class.
Windows of exposure
The effects produced by a neurotoxic agent depend on a number of factors: the timing and duration of exposure, the distribution of the toxicant in various parts of the nervous system, the amount or concentration of the agent in nervous tissue, and the ability of a toxicant to interfere with specific developmental processes. Therefore, the neurodevelopmental consequences during pregnancy, but there are also studies which use retrospective report of smoking status which, especially when it is done many years after child birth, may have led to misclassification. It is also important to remember that smoking habits can change over time with the reduction or quitting smoking during pregnancy, so the single measurement at some point in pregnancy may not indicate a true exposure level [37] . Additionally, women who do not smoke may be exposed to passive smoking which is also linked to a child psychomotor development and should be accounted for. Although the studies on alcohol drinking during pregnancy and children neurodevelopment are well-designed (prospective cohort), the assessment of exposure is based on the information from mothers which can be the limitation of those studies. Alcohol consumption was calculated as the number of glasses of alcoholic drinks consumed weekly. Also, prenatal alcohol use was expressed as the average daily volume (ADV). This review highlights the need for monitoring of active and passive tobacco smoking as well as alcohol consumption using biomarkers assessment.
Tests for measuring specific neurodevelopmental effects
To find a suitable test to measure different endpoints is a very challenging task. The investigator has to choose from a large number of potential endpoints that can be assessed in a prospective study on any given compound or a mixture of compounds to which the fetus or the child may be exposed. 
Challenges for future studies
Long-term studies that follow participants into adolescence and early adulthood are essential to assess the full range of neurodevelopmental consequences of exposure to environmental chemicals. Some consensus regarding outcome measures should be reached to allow direct comparisons to be made between studies that measure the same neurobehavioral function. The choice of a given test should be determined by what is known about the impact of a particular compound exposure on the development of specific cognitive, neuromotor or behavioral functions. Reliable exposure assessment, using a biomarker, and repeated measurement of exposure is crucial especially in the case of tobacco smoking or alcohol consumption, for which detrimental health impacts are well established, and for which the self-reported exposure levels may be underestimated. When the influence of confounding factors is possible, these should be taken into account during the stage of study design and data collection and finally in the statistical analysis. The potential effects of of exposure to different neurotoxic agents would be expected to vary, depending on the agent, the developmental stages of exposure, and the pattern and duration of exposure during those stages. An environmental neurotoxic agent may produce impairment in different functional domains, depending on the time of exposure. For example, the same exposure at different points of development could result in an adverse effect on motor systems versus memory or executive functions. Similarly, exposures at different concentrations or for different lengths of time could potentially produce differential effects. Therefore, the constellation of observed effects should not be expected to be the same in different children exposed to the same neurotoxic agent.
The study done by Cornelius et al. (2011) indicated that only exposure to maternal smoking in the 1st trimester of pregnancy was associated with some neurodevelopmental consequences, but it does not appear to be strong evidence of a particular period of pregnancy in which foetus is most vulnerable to tobacco smoke exposure [19] . Mezzacappa et al. (2011) also examined whether the association between prenatal tobacco smoke exposure and cognitive functioning was lessened in children of mothers who reported quitting smoking at early stages of pregnancy compared to children whose mothers smoked throughout it [20] . Although the authors noticed that quitting smoking at the beginning of pregnancy can be beneficial for child neurodevelopment, the further analysis indicated that early quitters tend to be these who smoked fewer cigarettes per day compared to those who continued to smoke. It is thus unclear whether these findings indicate an association with smoking specially during the later stages of pregnancy or with the amount of exposure in early stages. In the case of prenatal alcohol exposure 1 study indicates that developing brain may be especially vulnerable to such exposure in the 1st trimester of pregnancy [26] .
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The findings from this review should be included in guidelines for gynaecologists/obstetricians as well as healthcare and public health professionals. All efforts should be taken to eliminate tobacco smoke exposure and alcohol consumption during pregnancy to ensure appropriate children's development.
confounding factors from exposure to other chemicals in most presented studies are unclear. Also the risk from a mixture, whether acting by similar mechanisms or not, need to be accurately assessed. Additionally, the impact of stress, nutrition and home environment need to be measured and controlled. The studies indicated in this review were mostly carried out in the USA and Europe and further research is needed to determine whether these findings would translate to other parts of the world.
CONCLUSIONS
The results of the reviewed studies suggest that exposure to active and passive smoking and low/moderate alcohol consumption during pregnancy may affect children's neurodevelopment. Exposure to these lifestyle factors can result in a spectrum of adverse outcomes from mental retardation and disability, to more subtle changes in function depending on the agent, timing and target tissue dose. The reviewed studies have continued to show some relationship between tobacco smoke exposure, from active or passive maternal smoking during pregnancy, and children's psychomotor development, but this relationship is not straightforward. The association is most consistent for measures of academic achievements and behavioral problems but the wide variety of measurements used across different studies make it difficult to reconcile differences in findings for neuropsychological abilities. Although the results of the studies on low or moderate exposure to alcohol are not fully consistent, some of them suggest that consumption of alcohol during pregnancy may adversely affect children IQ, mental health, memory, performance at verbal, abstract/visual, and quantitative scales. Furthermore, as no safe level of drinking during pregnancy has been established, the most conservative advice for women is not to drink alcohol during pregnancy.
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